1) Pathology of calcification and os8ification.-The Leriche-Policard theories. Hypersemia of bone causes decalcification. Reduced blood supply causes sclerosis. Diminution of vascularity of fibrous tissue causes calcification. Excess of calcium, adequate blood supply and fibroblasts give rise to bone anywhere. Subperiosteal ossification. "Myositis ossificans." (2) Radiological significance of density of bone shadows.-Decalcification of disuse, of infections, of neoplasms. Traumatic and infective sequestra. Evidence that a fragment of bone is avascular.
FOR many years radiologists have been familiar with the "atrophic bone changes" seen as a sequel to trauma or in the presence of infection. They have noted increased density or sclerosis of the bones in syphilitic periostitis, chronic osteitis, Paget's disease, and other lesions. They have frequently recorded cases of calcification in various sites in the soft tissues, and they have recognized the presence of ossification in subperiosteal hbmatomata and tendinous attachments.
Similarly, pathologists have often reported cases of calcification and ossification in various tissues, and they have for many years recognized that there exists a relationship between blood supply and calcification.
In 1911 Wells went so far as to deduce that " in order to have ossification of calcified deposits, certain conditions of relationship between calcium salts, fibrous tissue, and blood supply evidently must be exactly met."
In 1926 Leriche and Policard advanced a step further, and enunciated theories by which they claim satisfactorily to explain decalcification, calcification an d ossification of all types. THE THEORIES OF LERICHE AND POLICARD.
(a) They base their theories on the accepted view that the early undifferentiated mesenchyme of the embryo forms a common mesoblastic stem from which may develop either fibrous tissue, or cartilage, or bone, and that these tissues can only be converted into each other by a preliminary reversion to this undifferentiated tissue. They also hold that the bone-cell of Purkinje is merely a fibroblast which is imprisoned in the bone, and is in a state of quiescence; that the osteoblast is a fibroblast, enlarged because it is active, but possessing no specific power of bone formation; whilst the osteoclast is merely a foreign-body giant-cell.
The important function of the bone-cells is the absorption and mobilization of calcium, the process known as " halisteresis." This function is stimulated and accelerated by an increase in the arterial blood supply, and is reduced or suspended by a reduction in the blood supply.
(b) According to their view there exists a definite relationship between vascularity and calcification of bone. They maintain that if the blood supply to the bone is increased, decalcification takes place, and that if it be diminished, the bone undergoes sclerosis. The hypereamia may be caused by trauma or infection, or it may be of the nature of a "relative " hyperawmia from disuse, the blood supply to the bone in such a case being in excess of the functional requirements of the part.
If, as in the case of a sequestrum or of a eompletely dislocated bone with severance of its nutrient vessels, the blood supply is completely shut off, no change in the calcium content of this bony fragment takes place.
(c) Deposition of calcium in connective tissues of low metabolism may take place if the blood supply to these tissues is diminished. It is therefore seen most commonly in such tissues when they have previously been the site of trauma, infection, or degeneration. In such cases, however, calcification is not inevitable, so that an added hypercalcnmia, possibly transient, may have to be presumed before such pathological calcifications can take place.
(d) In the presence of fibroblasts the only requirements for the development of bone are (1) an adequate local blood supply, and (2) an excess of calcium. If these two requirements are fulfilled any adult tissue which can be de-differentiated into primitive mesenchyme may be built up again as bone. It follows also that pathological calcareous deposits in any region of the body may change into pathological ossific deposits. So long as the ischEemia which has caused the calcium deposit persists, the latter will remain a non-living mass of amorphous calcium carbonate and phosphate. But if an adequate hyperaemia supervenes (whether it be irritative, traumatic, infective, or operative in origin) the factors requisite for "new bone formation " are all present. The occurrence of " heterotopic " and other ossifications is thus readily explained. CONSIDERATION OF THESE THEORIES IN RELATION TO RADIOLOGY AND PATHOLOGY.
(a) Hyperaemic decalcification.-That bony decalcification takes place in the neighbourhood of a fracture or of a joint affected by tuberculous or pyogenic infection, giving rise to the radiographic appearances of " bone atrophy," is sufficiently well recognized to need no amplification. In cases of whitlow, the degree of decalcification may be so marked that it is mistaken radiographically for extensive necrosis, though subsequent regeneration proves most of the translucency to have been merely the result of decalcification and rnot of destruction.
Puzzling cases are occasionally encountered in which the head of the femur or of the humerus appears to have been completely destroyed, yet the bones retain their normal position and subsequently I" regenerate." These may now be regarded as cases of extensive hyper,%mic decalcification due to joint infection in which little or no bony destruction has actually taken place.
Kummel's disease of the spine (in which collapse of a vertebral body takes place weeks or months after an injury, though immediately after the injury it is stated that no fracture is demonstrable) may again be satisfactorily explained on the basis of traumatic hyperaemic decalcification. A type of hyperaemic decalcification which is of great importance is that which sometimes affects the atlas in inflammatory or other lesions of the tonsils, pharynx, or cervical glands. Several such cases have been described where the hyperemic decalcification has been so marked that the transverse ligament has become detached and dislocation has ensued, sometimes with fatal results.
Cases of regeneration of apparently extensively destroyed bone in the vicinity of sarcomata have been observed. It is recognized that these growths have the power of inciting vascularization of the neighbouring tissues. The apparent destruction of the neighbouring bone can therefore be attributed to hypertemic decalcification.
In one such case, treated with X-rays and colloidal lead, obliteration of these new vessels occurred so that the greater part of the bone involved (scapula) regenerated. Decalcification recurred when treatment was stopped, but reorganization again took place when further treatment was given.
It is important, therefore, to realize that the bones in the vicinity of a trauma, infection, or sarcoma may become markedly decalcified as a result of hyperammia, and that this intense decalcification must not be mistaken for destruction. Furthermore, the degree of traumatic hyperaemic decalcification varies with the degree of disuse resulting from treatment. If a Colles fracture be put up in long splints which, in addition to immobilizing the bony fragments, also interferes with the use of the neighbouring parts, the degree of hyperaemic decalcification will be greater than if the fragments are immobilized (just as completely) by means of a plaster cast which leaves free the fingers and palm of the hand. In the latter case there is less " disuse " than in the former, with less relative or functional hyperaemia, and therefore less hypersemic decalcification.
In cases of injury it is sometimes seen in the radiograph that one fragment looks dense in comparison with the neighbouring bony parts. Actually this density is merely relative-this fragment is of normal density, but " stands out " in the picture on account of the surrounding hyperamic decalcification. In such a case all that has happened is that the blood supply to it has been completely shut off, i.e., it is now avascular. This is well illustrated in the sequestrum of osteomyelitis, but is not so generally recognized in carpal and tarsal injuries. A fracture at the waist of the carpal scaphoid, or in the neck of the astragalus with dislocation of the proximal fragment, will sometimes result in complete cutting off of the blood supply of the latter. As a result it will retain its normal calcium content without being involved in the process of hyperaemic decalcification which is seen in the surrounding bones. In the case of a backward displacement of the lower radial epiphvsis, even though complete reduction has been effected, one can surmise the nature of the injury from the accompanying tearing off of the chip from the posterior surface of the metaphysis. Just as certainly can one diagnose an injury such as has been described in the astragalus or carpal scaphoid, even though reduction has been effected, by the difference in density between this bony fragment and its neighbours.
(b) Pathological calcification.-It is beyond the scope of this paper to describe the multitudinous instances of pathological calcification with which the radiologist is familiar. Their occurrence is invariably in tissues derived from the common mesoblastic stem, i.e., bone, cartilage or fibrous tissue. Furthermore, a mental review of such cases will readily confirm the contention of Leriche and Policard that such calcifications only take place as the result of a diminished blood supply, in a tissue which is either normally of low metabolism, or whose metabolism has been lowered by a preceding trauma, infection or degeneration.
Calcifications may therefore be observed;-(1) In intervertebral discs and semnilunar cartilages.
(2) In old tuberculous foci and old abscess cavities, in which the original hypernemia has subsided.
(3) In the walls of parasitic cysts.
(4) In tendons such as the supraspinatus and tendo Achillis. (5) In the dura mater and falx cerebri. (6) In the walls of arteriosclerotic arteries. (7) In the heart after fibrous myocarditis and in the pericardium following adhesive pericarditis.
(8) In the subcutaneous tissues in Raynaud's disease. (9) In the thrombi of phleboliths and hemangiomata.
(10) In simple tumours such as degenerating fibromata and lipomata.
It is obvious, however, that calcification is not the inevitable sequel of fibrosis of an avascular connective tissue, or pathological calcification would be much more common than it actually is. It is possible that the local factors of fibrosis and diminished blood supply must be combined with the general factor of a transient hypercalcoemia.
It should be observed that while ossification denotes life and strength, calcification in bonies denotes diminished vitality and weakness. As an instance of this might be quoted the well-known fragility of the bones in the early or calcifying stage of Paget's disease as compared with their comparative strength after re-ossification by well-defined trabecule'; similarly in Albers-Schonberg's disease (" marble bone ") the bone is extremely dense, yet it is fragile. Under the same heading of dense but fragile bone would come the deformity of the carpal semilunar in Kienboch's disease, and of the tarsal scaphoid in Kohler's disease.
(c) Pathological ossification.-According to the theory of Leriche and Policard, in the presence of fibroblasts only two requirements need to be fulfilled to bring about the formation of bone, viz., (1) a plentiful supply of calcium, and (2) an adequate blood supply. Provided that there is an excess of calcium and an adequate local blood supply, any mass of undifferentiated mesenchyme may therefore become ossified.
The common sites of calcification are also, therefore, the sites of heterotopic bone formation. This fact has long been known to pathologists, who frequently find microscopical evidence of true bone formation in the examination of specimens of pathological calcification.
Before heterotopic bone of this type can be formed, however, the tissues involved must revert to undifferentiated mesenchyme, and the ischaemia causing the calcification must, to suime extent, give place to a hyperaemia. The latter is brought about under the irritative effects of the calcareous granules, which act as foreign bodies and incite a local hypertemia. As there is a local excess of calcium readily available it is then but a short step to ossification of the previously calcified area. The ossification of rib cartilages and of fibrous tissue generally is thus readily explained.
In Paget's disease the whole series of changes may be seen to be taking place more or less simultaneously-the de-differentation of bone into primitive mesenchyme, the deposit of calcium, and the final formation of strands or trabecul] of new bone.
In subperiosteal haematomata which, in addition to elevating the periosteum, may have penetrated it in places, there is obviously a huge store of calcium readily available, so that' it is not surprising that such lesions frequently ossify, giving rise to the so-called " traumatic osteoma." Similar ossifications may take place in the region of joints, especially the elbow; these have erroneously been designated " traumatic myositis ossificans." The new bone formed in such lesions, however, is due to ossification under the forcibly elevated periosteum at the muscular or tendinous attachments.
That the local store of calcium plays an important part in the promotion of ossification was recognized as long ago as 1895. In this year Barth carried out a series of experiments in which he implanted into bony defects pieces of living bone, dead bone, bone ash, calcium sulphate, and in all these cases obtained ossification. When, however, he implanted decalcified bone no ossification took place.
CONCLUSIONS.
A consideration of the radiological and pathological evidence concerning decalcification, calcification and ossification leads one to the conclusion that Leriche and Policard's theories are in substance sound. It still remains to be shown, however, what factors are involved in deciding whether a connective tissue which has had its metabolism lowered and its blood supply reduced shall, or shall not, become the site of calcification. As this does not by any means invariably happen in such tissues, there must obviously be other factors which influence their calcification or otherwise.
Similarly, in ossification there must obviously be factors which control the degree of hyperaemia. If the optimum degree be not reached bone will not be formed; if it be exceeded bone may be formed, but it will be decalcified again.
The theories of Leriche and Policard must obviously be correlated with various biochemical problems-such as the action of phosphatase, of the endocrine glands and of vitamin D, the hydrogen-ion concentration of the blood, the respective parts played by the calcium and the phosphate-ion and so on.
As far as they go, however, the theories of Leriche and Policard appear to provide a reasonable solution of many or most of the problems of calcification and ossification encountered in radiological practice.
Di8cu88ion.-The PRESIDENT said, with reference to the statement of Mr. Watson Jones that renal calculi were commion in patients who were compelled to lie up for a long time, whatever the cause of such lying-in may have been, he (the President) had had several such cases himself.
With regard to calcification of bone following the use of X-rays, after injections of metals, such as lead, he had found that this took place without lead or other injection, simply following ordinary deep X-ray treatment.
Dr. J. F. BRAILSFORD said that a number of debatable points had been raised and he would like to mention one or two matters which did not quite fit in with the picture. One was injury to the wrist-joint. In some instances of this accident it was found, on examining by X-rays immediately afterwards, that there was not the slightest sign of bone change. He (Dr. Brailsford) had such a case at the present time. A month after the'accident, however, X-ray examination revealed the appearance of a definite cyst inside the scaphoid with a fine fissure through it suggesting a fracture and, as in Mr. Watson Jones's pictures, an erosion of bone had occurred on either side of the fracture. That condition was not so easily explained. And with the Kienboch's fracture the first sign seen-and this applied also to Kohler's scaphoid condition and other conditions of osteo-chondritis-was an increased density of the bone; apparently the bone did not show any deformity. Then it gradually crumpled up, and there were islands of condensation in a relatively transparent matrix which, if carefully watched, developed areas of newly laid-down bone, and bone of apparently the same density as the other bone in the vicinity.
Mr. Watson Jones had shown a skiagram of a tibia from a subject of Paget's disease, which he said showed multiple fractures. That appearance had been worked out by Looser, who considered they were not fractures, but merely developmental lines. He (the speaker) thought there was a good deal to support that view, because in certain cases of osteomalacia one could find identical appearances-a line of rarefied bone having on either side a layer of compact bone, and these lines were often symmetrical. It was difficult to conceive of their being fractures when there was no evidence of trauma and they were so symmetrical. Paget's disease, osteomalacia, and fragilitas ossium, caused these marks on the convex surfaces.
The question of blood supply in relation to calcification and ossification cropped up in relation to the experiments of Bentzon, who considered that Ollier's disease was probably due to some defect of the sympathetic nervous system, and that the vessels became dilated as a result, and so the formation of these islands of cartilage occurred. Bentzon explained this on the finding that fracture of a long bone, where one normally found no cartilage, showed, after eight days, a mass of cartilage, which later ossified.
Dr. G. B. BATTEN said that, unlike Dr. Roberts, he could not even claim to be purely a radiologist, because, as a general practitioner, he had to diagnose these conditions as well as do his best to treat them satisfactorily. Taking the case of the ordinary fracture of the neck of the femur, it had always been felt that the limb should be immobilized for a time, and then massage and gentle movements be used to increase the degree of hyperfemia present; but that treatment now seemed to be wrong. Would Mr. Watson Jones give some hints as to treatment for the benefit of those who saw these cases in the course of general practice.
Dr. W. H. COLDWELL said that two common sites of calcification had not been mentioned; one was the pineal body and the other the costal cartilages. He would like to hear the reason for the early deposition of lime salts in the rib cartilages. Also, could any reason be given for the age-incidence of calcification being so widely varied? Some people had well-marked calcification of the costal cartilages as early as the twentieth year. With regard to Paget's disease, he would like tc know whether the increased calcification in that disease came under the general explanation which had been given. In this condition the surface eacks in bones were interesting, but if these cases were seen at a later stage the cracks would be found often to have bqen filled up with new bone in the same wav as after real trauma. If these cracks were mere lines of demarcation one would not expect to see new bone on the surface.
Dr. H. B. SCARGILL (Leeds) said that Dr. Roberts had asked him to say a few words about a condition which Mr. Watson Jones had described and from which he (the speaker) had suffered, namely, supraspinatus tendonitis.
During the winter of 1929-30 he experienced pain at times in the region of the right shoulder and upper arm. He received treatment from several doctors, on the diagnosis of neuritis and muscular rheumatism. The pain was worse at night, and it was difficult for him to get the arm into a comfortable posture. It was a very intermittent pain, like that of toothache, and it appeared not to be influenced by movements of the arm or scapula. One night in March, while turning over in bed, he had an acute and agonizing pain in the shoulder region, with partial locking of the joint. After two days the pain moderated and the shoulder was examined by X-rays. A shadow was seen just above the head of the humerus. It was thought to be a piece of detached bone, but there was nothing to show where it had belonged. Sir Robert Jones advised the removal of the body causing the shadow, as he regarded it as extra-capsular, and thought it had been caught and wedged between the capsule of the shoulder-joint and the under surface of the acromio-clavicular joint, thus causing the locking. The speaker arranged for it to be removed, but owing to a severe cold postponed the operation; the pain eased, and he decided to wait. [Dr. Scargill showed successive skiagrams which evidenced the gradual disappearance of the offending body.] He had not had pain or discomfort since.
He attributed the onset to continual cranking up of his car, and the absorption to the elimination of the exciting cause and to rest.
Mr. WATSON JONES (in reply) said that Dr. Coldwell had referred to calcification of costal cartilages. There was no less vascular tissue than fibro-cartilage, and the question of age did not necessarily come into the problem. It was again an example of calcification of a functionless and degenerating tissue.
Dr. Brailsford had mentioned changes occurring in the scaphoid. Injury to this bone might cause traumatic hypertemia and decalcification, with the appearance of cyst formation, even without a preliminary fracture, but he thought that this must happen very rarely. A common condition, however, was a fracture of the scaphoid of so slight a degree that it was not revealed by X-rays on the first day of injury. It was not uncommon to suspect a fine linear crack in the scaphoid, but to have no definite radiological evidence until two or three weeks had elapsed. Then when the region began to decalcify the injury was obvious. He thought that Dr. Brailsford's cases were of this type. Kienboch's disease of the semilunar bone, to which reference had been made, was an excellent illustration of the theories under discussion. The sclerosis did not follow one single injury which would cause decalcification, but was the result of many minor injuries, together producing fibrosis and impairment of blood supply. The association of impaired vitality and increased calcification was the inevitable sequel.
Dr. Scargill's personal observations illustrated the reversibility of pathological calcification. Deposits produced by impairment of blood supply could be reabsorbed by a later hyperfemia.
Only if the calcareous deposit was an extensive one did a secondary hyperfemia change it to bone.
This contribution was of course a joint one, and it indicated a happy association that radiologists and surgeons could co-operate in writing a paper. Radiology he considered to be as much a part of clinical surgery as clinical surgery should be a part of radiology.
